Mandelbrot集合の外射線の到達性について(複素力学系とその関連分野) by 中根, 静男
Title Mandelbrot集合の外射線の到達性について(複素力学系とその関連分野)
Author(s)中根, 静男











[$\mathrm{D}\mathrm{H}|$ Milnor [$\mathrm{M}2|$ Schleicher [Sl
2 $P_{c}(z)=z2+c$ Julia Julia
$K(P_{C})$ $=$ { $z\in \mathrm{C}$ ; $\{P_{C}^{n}(z)\}_{n}\geq 0$ },
$J(P_{C})$ $=$ $\partial K(P_{c})$ .
connectedness locus Mandelbrot $\mathrm{A}\mathrm{a}$
$M=$ { $c\in \mathrm{c};J(P_{C})$ }.
$c\in M$
$\varphi_{\text{ }}$ : $\overline{\mathrm{C}}-K(P_{C})arrow\overline{\mathrm{C}}-\overline{\mathrm{D}},$ $\mathrm{D}=\{|z|<1\}$
$\varphi_{c^{\mathrm{O}}}P_{c}=P_{0^{\mathrm{o}}\varphi}C’\lim_{zarrow\infty^{\varphi_{C}}}(Z)/z=1$
– $t$ $\{re^{2\pi it};r>1\}$
Pc $K(P_{c})$ $t$ $\Phi(c)=\varphi_{\mathrm{C}}(c)$ $\Phi$ : $\overline{\mathrm{C}}-Marrow\overline{\mathrm{C}}-\overline{\mathrm{D}}$
$\lim_{carrow\infty}\Phi(c)/c=1$ $M$ $R_{t}^{M}$
$G_{\text{ }}(z)=\mathrm{l}\circ \mathrm{g}|\varphi_{\text{ }}(z)|,$ $G_{M}(C)=c_{\text{ }}(C)$ $K_{c},$ $M$
$-R_{t}^{*}$ –
\mbox{\boldmath $\varphi$} $\Phi$ Caratheodory $K(P_{c})$ $M$
Douady-Hubbard [DH]
$t\in \mathrm{Q}$ (Pc)
1. 1 1. $t$ $R_{t}^{M}$ $c$
Fatou ( Fatou
)
2. $c$ Fatou $t$
$R_{t}^{M}$
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3. $t$ $R_{t}^{M}$ $Misiurewi_{C}z,\mathrm{I}\backslash \text{ }C\mathrm{g}$
$c$









2. 1 $K(P_{\text{ }})$ $t$ Rt
$K(P_{\text{ }})$ $c$ $2t,$ $4t,$ $8t,$
$\ldots$
$R_{t}^{c}$ $2t,$ $4t,$ $8t,$
$\ldots$
$R_{t}$
2. 2 ( ) $t$ o ( ) $z_{0}$
$n\geq 0$ $P_{\text{ _{}0}}^{n}(z0)\neq 0$ $c_{0}$ $W$
$\psi_{t}$ : $W\cross[0, \infty)arrow \mathrm{C},$ $\psi(c, S)=\varphi_{\text{ }}-1(e^{S+}2\pi it)$ ,
$c$ $c_{0}$ $c$ $R_{t}^{c}$ ( )
C
2. 3 $R_{t}^{M}$ $c_{0}\in M$
0
Misiurewicz
. $t$ $c_{0}$ 2. 1 $R^{0}$
2. 2 $c_{0}$
$c$ $R_{t}^{c}$ $c_{0}$ $R_{t}^{M}$ $c_{0}$






$t$ $t’=2^{m}t$ k $m>0$ $R_{t^{\mathrm{O}}}^{\text{ }}$,
$c_{0}$
$z_{0}’$ 2. 2 $c_{0}$ $W$ $\psi_{t’}$
$c_{n}\in R_{t}^{M}$ $c_{0}$ $s_{n}=G_{M}(C_{n})arrow 0$
$\psi_{t};(_{C_{n},2}ms_{n})$ $=$ $\varphi_{\text{ }}n(e^{2^{m}(\mathit{2}}S_{n}+\pi it))$
$=$ $P_{c_{n}}^{m_{\circ\varphi_{\text{ }n}}}-1(es_{n}+2\pi it)$







2. 1 $P_{c_{0}}$ $\rho=e^{\mathit{2}\pi ip}/q$ $k$ - $\mathrm{f}^{z_{1},\ldots Z_{k}},$ }
$c_{0}$ Fatou $t$ $R_{t}^{M}$ $c_{0}$
Shooting lemma $c_{0}$ $W$ $c$ $z=z(c)$ $P_{\text{ }^{}k}(Z(c))=$
$z(c),$ $Z(C_{0})=Z_{1}$ $z(c)$ $c$ $q\neq 1$




2. 4 $c_{0}$ $W$ $N_{0}>0$
$N\geq N_{0}$ $P_{c}^{Nkq}(x(C))$
.
$=y(c)$ $c=c_{N}\in W$ $Narrow\infty$
$c_{N}arrow c_{0}$
Ecalle cylinder
$s>G_{\text{ }}(\mathrm{O})$ $s\in I=[s^{*}/2^{kq}, S^{*}),$ $S^{*}=\log r*$ $y(C, s)=\varphi^{-}\text{ }(1eS+2\pi it)$
$y(c, s)$ Shooting lemma 2. 4
$P_{\text{ }^{}Nkq}(x(_{C}))=y(c, s)$ ,
$c$ $G_{\text{ }}(c)=u=u_{N,s}=s/2^{(n_{0}+)k}Nq$ $c$ $c_{u}$ $c_{u}$
$0<u<u^{*}=s^{*}/2^{(}n\mathrm{o}+N_{0}$ ) $kq$ $u_{N,s^{*}/}2^{kq}=u_{N++l,s^{*}}$
Shooting lemma 2. 4 $uarrow 0$
.
$c_{u}arrow c_{0}$ 2. 1
2. 5 $c=c_{u},$ $0<u<u^{*}$ $R_{t}^{M}$
1. 1 1. 2.
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2. 6 $M$ $W$ $\overline{W}$
$\partial W$ 1 $W$ 2. 6
$\text{ }$
1 1
2. 7 $n$ $2^{n}$ $n$
$2^{n-1}$
. $n$ $(2^{n}-1)t\equiv 0$ $2^{n}$ $n$
$P_{c}^{n}(0)=P_{\text{ }^{}n-1}(c)=0$ $c$ $2^{n-1}$
$2^{n-1}$
$2^{n-1}$ 1
$c_{0}$ $M$ 2. 1
$t$ $R_{t}^{M}$ Misiurewicz
2. 3
$t’=2^{j}t$ $j>0$ $c\in R_{t}^{M}$
$c_{0}$ $c\in$ $P_{\text{ }^{}j}(c)=P_{C^{+}}^{j1}(\mathrm{o})\in R_{t}^{\text{ }}$,
$c\in R_{t}^{M}$ $c_{0}$ $c\in$ $P_{\text{ }^{}j+1}(\mathrm{o})=P\text{ }(c)\in R_{t}^{\text{ }}$,
Douady-Hubbard – $P_{c}^{j}(c)$ $R_{t}^{c}$, Ecalle
cylinder
2. 8 $R_{t}^{M}$ $c_{0}$ Misiurewicz o $c_{0}$










$c_{0}= \lim_{narrow\infty}c_{n}=narrow\infty\lim\psi t(cn’ Sn)=^{\psi t}(C_{0},0)=z0$ ,
1
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2. 9 $c_{0}$ Misiurewicz $c_{0}$ $R_{t}^{M}$ $c_{0}$
. $z_{0}=c_{0}$ 2. 2 $s\geq 0$ $H_{s}(c)=\psi_{t}(C, S)-c$
$\text{ _{}0}$
$W$ $H_{0}(c_{\mathit{0}^{)}}=0$ $H_{0}$ $c=c_{0}$ $m$
$\varphi$
$(c)=e^{2\pi it}$ ,
$\varphi_{\text{ }}(P^{k+m}(\text{ }))=e=e^{2}=\mathit{2}\pi i\mathit{2}^{k+}mt\pi i\mathit{2}^{m}t\varphi\text{ }(P^{m}(\text{ })c)$ .
$P_{\text{ }^{}k+m}(C)$ $\equiv P_{c}^{m}(\text{ })$ , $m<\infty$ $s$
$H_{s}(c)=0$ $c=c_{0}$ $m$ – s $c_{s}=\psi_{t}(c_{s}, S)\not\in$
$K_{\text{ _{}s}}$ $c_{S}\not\in M$ \Phi (cs) $=\varphi_{\text{ _{}S}}(C_{S})=e^{S+\pi it}\mathit{2}$ $C_{S}\in R_{t}^{M}$ $\lim_{sarrow \mathit{0}}c_{S}=c_{0}$
$R_{t}^{M}$ o 1
3 Schleicher
Schleicher [S] 2. 1
2. 3 $M$
2. $1^{-}$ (Douady-Hubbard
2. 1 2. 7 )
3. 1 2
2
$c$ $t$ $R_{t}^{M}$ $c$
\Theta
3. 2t\in O- $R_{t}^{c}$ $c$ Fatou
. $c$ $R_{t}^{\text{ ^{}\prime}}$ $c’$ $c’$ -
3. 1
2. 2 $c$ $R_{t}^{c}$
1
$c$ $\neq 0-_{c}=2$
$n-1$ $\leq n-1$ $M$
$\mathrm{C}$ $S_{n-1}$ $n$
$S_{n-1}$
3. 3 $\#\mathrm{O}-$ $>1$ $\#\mathrm{O}-$ $=2$ O- Fatou
.
.
$\bullet$ $S_{n-1}$ kneading sequence $n-1$ –
$n$ kneading sequence
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$n$ $\neq\Theta_{c}\leq 2$ 2. 1 $\neq \mathrm{O}-_{C}=2$
$n$
2. 7 $n$ $2^{n-1}$
( ) $2^{n}$
$2^{n-1}$ 2 $2^{n-1}$
2 $n$ $\#\Theta$ $=2$
..
3. 1 $c$ Fatou
$M$
$R_{t}^{M}$ Misiurewicz Schleicher [S]
kneading sequence $R_{t}^{M}$
3. 4 $t$ $R_{t}^{M}$
. $t$ kneading sequence $t$ kneading
sequence – $R_{t}^{M}$
$c$ 2 $t=1,2$ $K(t)$ $K(t_{i})$




$c_{n}\in R_{t}^{\text{ }n}$ $R_{t}^{\text{ _{}n}}$
$z_{n}$ $f_{\text{ _{}n}}^{k+m}(Z)n=f_{\text{ _{}n}}^{m}(z)n$ $z_{n}$ $z_{0}$ $narrow\infty$
$f_{C_{\mathrm{O}}}^{k+}m(\mathcal{Z}_{0})=f_{\text{ }0}^{m}(z_{0})$ $c_{n}\in R_{t}^{c_{n}},$ $G_{\text{ _{}n}}(C_{n})=\log\Phi(c_{n})arrow 0$
$c_{n}-z_{n}arrow 0$
$|c_{0}-z\mathit{0}^{1}\leq|c_{0}-Cn|+|cn-Z_{n}|+|_{Z_{n}}-z\mathit{0}^{1}arrow 0$ ,
$z_{\mathit{0}}=c_{\mathit{0}}\text{ }$ $c_{0}$ Misiurewicz 2. 2 $c_{0}$
Misiurewicz $c_{0}$ $R_{t}^{\text{ _{}0}}$ $c_{0}$ $R_{t}^{M}$ $c_{0}$
4 Milnor
Milnor [M2] orbit portrait
. P $P$ $O=\{z_{1}, \ldots, z_{p}\}$ $z_{i}$ $K(P_{c})$
$P=P(o)=\{A_{1)}\ldots, A\}p$ $O$ orbit portrait
Milnor orbit portrait orbit portrait
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$P$
$W_{P}$ $P$ $M$ 2
orbit portrait $P$
$c_{0}$ orbit portrait $P$ $W_{P}$
$M$ 2 $c_{0}$ 2. 1
$\neq A_{i}=v$ $i$ – $z_{i}$
–
$I(P)=[t_{-}, t_{+}]$
$P$ orbit portrait Fatou
–
$\overline{\mathrm{C}}=\mathrm{C}\mathrm{u}\{e^{\mathit{2}}\cdot t\pi it\}\in[0,1)\}$ $O$
orbit diagram $D(\mathcal{O})$
4. 1 $v\geq 2$ orbit diagram $D=D(O)$
1. $z_{i}$ $S$ $\alpha(S)$ 1/2
2. P $z_{i}$ $z_{i+1}$ $z_{i}$ $z_{i+1}$
3. $z_{i}$ $S$ $z_{i+1}$ $P_{c}(S)$ , $\alpha(P_{\text{ }}(s))=$
$2\alpha(S)$ $z_{i}$ $z_{i+1}$ 2
1
. $S_{z_{i}}^{j},$ $0\leq j\leq v$ $z_{i}$ $\alpha(S_{z_{i}}^{j})<1/2$ $\partial S_{z_{i}}^{j}$
$P_{c}$ $S_{z_{i}}^{j}$
$z_{i+1}$ $P\text{ }(s_{z_{i}}^{j})$ $P$
$0$
$\alpha(S_{z_{i}}^{k})>1/2$
$k$ – $0\in S_{z_{i}}^{k}$
$S$
$z_{i}$ $-\text{ }$ $S’$ $z_{i+1}$ $c$ $S’$
$S$
$z_{i}$ $S$ $S’$
$S$ $S’$ – 1
4. 2 $\mathcal{O}$ $pv$
$c$ $O$
. $S$ $z_{i}$ 4. 1 $z_{i-1}$ $S’$
$S=P\text{ }(s)$ \alpha (S) $=2\alpha(S)>\alpha(S’)$ $S$
1
4. 3 $d\leq 2$ $d=2$ $v=2$ $0$
4. 1 $c_{0}$ $P$ $P_{\text{ _{}0}}$ orbit $portrait_{\text{ }}t_{\pm}=t_{\pm}(P)$
$R_{t}^{M}\pm$ Co $R_{t}^{M}\pm$ c\rightarrow $W_{P}$ $\mathrm{C}-W_{P},\ni 0$
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. $c\in W_{P}-M$ 4. 2 $c$ K ( $c$ $M$
) $(t_{-}, t_{+})$
$c\in$ R $R_{t}^{c}\pm$ $R_{t}^{M}\pm\subset \mathrm{C}-W_{P}$
$\partial W-M=R_{t_{-}}M\cup R_{t_{+}}^{M}$
$A_{P}=A_{1}$ U... $\cup A_{p}$ $P$ $n=pv$ $’\rho$ $F_{n}\subset M$ $P_{c}^{n}$
1 $c$ 2. 2 $c\in M-F_{n}$
$R_{t}^{c},$ $t\in A_{P}$ $c$ $c\in W_{\mathcal{P}}$
$\text{ }\in \mathrm{C}$ –WP $\not\in\partial W_{P}$ $\partial W_{P}\cap M\subset F_{n}$
R $F_{n}$ $c_{1}$ \partial WP=Ry\cap {Cl}\cap R
1 .
4. 4 $c_{\mathit{0}}\in W_{P}$ $P_{c_{\mathrm{O}}}$ portrait $P$
. 4. 1 $c\in F_{n}$ $c_{0}$ $c_{0}$ $R_{t}^{c}\pm$ $P$
$c_{0}$ 1
Milnor
4. 5 $\text{ _{}0}$ $P$ orbit porirait $c_{0}$
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